Studies on genotoxic effects of iron overload and alcohol in an animal model of hepatocarcinogenesis.
In order to examine whether iron and alcohol act synergistically during tumor initiation in vivo, we investigated the effects of dietary iron overload and a liquid ethanol-containing diet on the initiation phase of the Solt & Farber model of chemical hepatocarcinogenesis. Following dietary supplementation with carbonyl iron for 8 weeks and ethanol pair-feeding according to Lieber deCarli for 5 weeks, animals were subjected to partial hepatectomy in order to induce regenerative cell proliferation and thereby "fix" putative DNA lesions. Levels of malondialdehyde, reduced and oxidized ubiquinone-9, alpha-tocopherol and 8-oxo-2'-deoxyguanosine were analyzed in liver tissue removed at the time of partial hepatectomy, and blood was collected for determination of alanine amino-transferase activities. Following a 2-week recovery period, promotion was achieved with 0.02% dietary 2-acetylaminofluorene and carbon tetrachloride. Two weeks after the completion of promotion, animals were sacrificed and the number of preneoplastic, glutathione S-transferase 7,7-positive lesions counted. Animals initiated with diethylnitrosamine served as a positive control group. Serum aminotransferase activities were significantly increased, and hepatic contents of ubiquinol-9 (reduced ubiquinone-9) were significantly decreased in animals exposed to the combination of iron and ethanol in comparison to the other groups. Livers from iron-treated animals had decreased levels of alpha-tocopherol and increased contents of malondialdehyde, whereas treatment with ethanol did not further enhance these alterations. Levels of 8-oxo-2'-deoxyguanosine were not significantly different in animals treated with iron, ethanol or iron + ethanol as compared with controls. The number of preneoplastic foci at the time of sacrifice was not increased in livers exposed to iron and/or ethanol as compared with those from control animals. As expected, the number of foci was significantly increased in positive controls which were initiated with diethylnitrosamine. Iron potentiated the cytotoxic effects of ethanol, resulting in increased serum aminotransferase activities and decreased hepatic contents of ubiquinol. However, the combination of iron and ethanol did not exert genotoxic effects detectable as enhanced hepatic levels of 8-oxo-2'-deoxyguanosine, or increased formation of preneoplastic, glutathione S-transferase 7,7-positive lesions in the Solt & Farber model of chemical hepatocarcinogenesis.